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FOREWORD 

This  report  was  prepared  by  Columbia  University  under  USAF 
Contract  No,  AT  33(038) -22616  covering  work  on  Visual  Factors  in 
Cathode  Ray  Tube  Data  Presentation.  The  contract  was  initiated  under 
a project  identified  by  Research  and  Development  Order  No*  694-45, 
Presentation  of  Data  on  Radar  Scopes,  and  was  administered  by  the 
Psychology  Branch  of  the  Aero  Medical  Laboratory,  Directorate  of 
Research,  Yfright  Air  Development  Center,  with  Dr*  Kenneth  2?„  Brown 
acting  as  Project  Engineer, 


WADO  TB  52-259 


t 


TABLE  OF  CONTENTS 


Page 

Introduction  ...........  1 

Apparatus  . . . <-■ 

Procedure  ........  9 

Results 10 

Discussion  " 

Summary 

Bibliography  ......  .... .......  23 

LIST  OF  ILLUSTRATIONS 

Figure 

1.  Schematic  diagram  of  the  apparatus * 4 

2.  Comparison  of  the  spectral  characteristic  of  the  P-7  phosphor 

with  the  spectral  distribution  of  the  simulated  presen- 
tation   5 

3.  Comparison  of  the  decay  characteristic  of  the  P-7  phosphor 

with  the  simulated  decay  function  .............  5 

4.  Target  detection  time  as  a function  of  duration  of  adaptation  15 

5.  Target  detection  time  as  a function  of  target  luminance  ...  17 

6.  Target  detection  time  as  a function  of  background  luminance  . 18 

7.  Target  detection  time  as  a function  of  contrast  .......  20 

LIST  OF  TABLES 

Table 

1.  Detection  time  values  with  log  background  luminance  of 

-0.22  millilamberts  ....................  11 

2.  Detection  time  values  with  log  background  luminance  of 

0,14  millilamberts 12 

3.  Detection  time  values  with  log  background  luminance  of 

0.71  millilamberts  ...... ........ ......  13 

4.  Detection  time  values  with  log  background  luminance  of 

1.26  millilamberts  . ............  14 


Y/ADC  TR  52-259 


iv 


i 


INTRODUCTION 


2he  purpose  of  the  present  experiment  is  to  determine  the  effect 
of  duration  of  light  adaptation  to  a high  luminance  level  on  the  time 
required  to  detect  a target  on  a PPI  type  cathode-ray  tube  display.  In 
many  situations  where  such  equipment  is  used,  exposure  of  the  operator 
to  high  lumiuaacee  cannot  be  avoided.  It  therefore  becomes  important  to 
determine  visual  display  conditions  which  will  minimize  the  effects  of 
light  adaptation  on  detection  time  or  some  other  measure  of  operating 
performance. 

There  have  been  a number  of  studies  of  the  effects  of  light  adapta- 
tion on  light  detection  and  light  discrimination  thresholds*  The  results 
of  these  studies  afford  valuable  information  from  which  qualitative  effects 
of  light  adaptation  on  cathode  ray  scope  viewing  can  be  predicted. 

The  dark  adaptation  experiments  of  Haig  (3),  Hecht,  Haig  and  0ha9e  J[_6) , 
Wald  and  Clark  (10) , and  Mote  and  RLopelle  (?)  ,all  present  data  in  the  form 
of  families  of  curves  relating  threshold  luminance  to  time  in  the  dark  for 
various  conditions  of  light  adaptation.  An  estimate  of  dark  adaptation 
time  required  for  the  detection  of  stimulus  patterns  of  selected  luminances 
as  a function  of  light  adaptation  can  readily  be  obtained  from  such  curvoc  (3), 

Simonaon,  ELankstein,  and  Carey  (8)  made  direct  determinations  of 
dark  adaptation  time  required  for  the  detection  of  a small  test  patch  of 
low  luminance  at  various  levels  and  durations  of  light  adaptation.  The 
usefulness  of  their  results  is  somewhat  limited  by  the  fact  that  they  did 
not  use  exposure  durations  long  enough  to  adapt  the  eye  to  a steady  state. 

In  a PPI  scope  presentation,  the  visual  function  required  is  probably 
more  often  the  discrimination  of  differences  in  luminance  than  the  simple 
detection  of  light.  Blackwell  (1)  has  published  data  relating  adaptation 
luminance,  area  of  test  presentation,  and  the  threshold  luminance  for 
detection  of  a test  presentation  against  the  adaptation  field.  These  data 
may  find  considerable  application  in  the  solution  of  practical  problems 
involving  these  parameters.  In  most  of  the  experimental  work  on  the  dis- 
crimination of  luminance  differences,  the  thresholds  determined  have  been 
those  for  the  detection  of  a test  pattern  against  a background  luminance 
to  which  the  eye  has  been  adapted.  Ibis  is  a serious  limitation  when  it 
is  desired  to  generalize  results  to  problems  involving  the  effect  of 
adaptation  on  cathode-ray  scope  viewing.  Jl  complete  analysis  of  these 
problem  requires  information  regarding  instantaneous  or  early  threshold 
target  luminances  for  scope  background  luminances  which  are  in  many  cases 
much  lower  than  those  luminances  to  which  the  eye  has  been  adapted.  Craik  (2) 
has  performed  an  experiment  in  which  discrimination  thresholds  were  deter- 
mined for  eight  test  background  luminances  with  prior  adaptation  to  a 
number  of  different  luminances  for  each  background  condition.  In  general, 
thresholds  were  found  to  bo  at  a minimum  when  test  background  and  adapta- 
tion luminances  were  equal.  The  implication  for  scope  viewing  is  that 
optimally,  observers  should  be  adapted  to  a luminance  level  of  the  same 
order  as  the  luminance  of  the  scope  background. 

The  unique  character  of  a PPI  scope  presentation  renders  it  im- 
possible to  make  accurate  quantitative  predictions  of  the  effects  of 
adaptation  on  targpt  detection  from  the  results  of  experiments  such  as 
those  cited  above.  'The  do  termination  of  optimal  operating  conditions  for 
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cathode  ray*  scope  displays  requires  extensive  research  using  the  actual 
displays  themselves.  Only  under  these  conditions  can  the  effects  of 
phosphor  decay  characteristics,  scanning  rate,  and  other  parameters  "be 
determined* 

An  extensive  experimental  program  on  the  visibility  of  cathode 
ray  tube  , screens  has  been  undertaken  at  Johns  Hopkins  University*  Relevant 
to  the  present  investigation  is  an  experiment  on  the  effect  of  light  adapta- 
tion by  Hanes  and  Williams  (4).  These  authors  have  investigated  the 
dependence  of  threshold  target  conditions  and  detection  times  for  specific 
target  conditions  on  duration  and  luminance  of  light  adaptation*  Their 
results  are  in  agreement  with  those  of  Craik:  in  indicating  that  differential 
brightness  sensitivity  is  greatest  when  test  and  adapting  illuminations  are 
equal*  Immediately  relevant  to  the  present  experiment  are  functions  relating 
detection  time  to  duration  of  light  adaptation  at  a luminance  of  2000  niilli- 
lamberts*  Pour  curves  are  presented  representing  different  combinations 
of  target  and  background  luminance*  Increase  in  duration  of  light  adapta^ 
tion  results  in  an  increase  to  a maximum  detection  time  for  three  of  the 
combinations  but  has  no  effect  on  detection  time  for  the  fourth  combination. 
Target  and  background  luminances  were  not  varied  independently  and  system- 
atically. 

In  the  presont  experiment,  time  required  to  detect  a target  on  a 
simulated  PPI  scope  is  determined  for  several  different  target  luminances 
at  each  of  four  background  luminances*  Light  adaptation  is  at  a luminance 
of  3100  millilamberts,  and  durations  of  5,  15,  30,  60,  and  120  seconds  are 
used. 

APPARATUS 


A*  General 

The  apparatus  used  in  the  present  experiment  is  a simulated  PPI  pre- 
sentation which  involves  no  electronic  components* 

A circular  transparency  which  duplicates  the  decay  characteristic  of 
the  type  of  phosphorescent  coating  to  be  investigated  is  carried  by  an 
annulus,  which  in  turn  is  supported  by  four  bearings  equally  spaced  around 
its  circumference*  The  density  gradient  of  the  transparency  is  such  tha* 
the  luminance  of  a given  point  past  which  it  is  rotated  decreases  with 
respect  to  time  in  the  same  manner  as  the  luminance  of  a phosphor  after 
excitation.  The  transparency  was  made  by  a photographic  technique  des- 
cribed below*  The  annulus  is  rotated  at  different  speeds  by  a synchronous 
motor  through  a system  of  change  gears  and  a final  friction  drive  to  its 
circumference*  The  spectral  characteristic  of  the  phosphor  (P-7)  is 
duplicated  as  closely  as  possible  by  the  use  of  an  appj  ypriate  Wratten 
color  filter*  Variations  in  overall  brightness  of  the  presentation  are 
obtained  with  polaroids  and  neutral  density  filters*  A wide  range  of 
contrasts  between  the  ‘‘target”  and  background  is  achieved  by  using  a small 
piece  of  cellophane  cut  in  the  desired  shape  to  represent  the  target.  This 
is  located  between  the  polarizer  and  the  analyzer.  Being  anisotropic,  it 
effectively  rotates  the  plane  of  polarization  of  light  coming  from  the 
polarizer.  Variations  of  luminance  of  the  target  and  background  are  ob- 
tainable independently  by  appropriate  ahanges  in  the  relative  orientations 
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of  the  optical  axis  of  the  cellophane  and  the  axes  of  polarization  of 
polarizer  and  analyzer.  Illumination  is  provided  by  a 100  watt  frosted 
tungsten  bulb  behind  an  opal  glass  diffusing  screen* 

After  an  initial  consideration  of  the  problems  which  were  to  be 
investigated,  it  was  decided  that  several  important  advantages  favored 
the  use  of  such  equipment  over  electronic  equipment.  Many  problems  of 
measurement  and  specification  are  avoided  since  photometric  measurements 
can  be  made  directly  over  the  entire  range  to  be  investigated  with  the 
present  apparatus.  It  is,  therefore,  unnecessary  to  base  any  of  the 
luminances  on  extrapolation  of  empirical  relations  between  electrical  and 
photometric  variables.  It  is  recognized,  of  course,  that  although  pre- 
sentations used  ia  the  present  study  can  be  specified  more  accurately, 
they  might  not  conform  as  closely  with  the  actual  situation.  However, 
the  advantages  of  accurate  specification  for  an  understanding  of  the  basic 
problems  involved  and  a possible  theoretical  interpretation  of  results 
are  considered  t o be  of  primary  importance.  It  should  also  be  mentioned 
that  in  an  experi mental  study  of  this  type  the  use  of  equipment  which  is 
presumably  identical  in  every  important  respect  with  equipment  used  in 
actual  practice  does  not  guarantee  that  presentations  obtained  are  directly 
comparable,  owing  to  the  variability  between  cathode  ray  scopes  and  other 
electronic  components  of  the  same  type  and  the  variability  in  individual 
components  with  their  continued  use. 

Another  important  advantage  inherent  in  the  present  apparatus  is 
the  fact  that  the  range  of  variation  of  the  relevant  variables  is  greater, 
and  they  can  be  varied  with  a greater  degree  of  independence  than  would 
be  possible  if  electrical  elements  and  the  characteristics  of  phosphores- 
cent coatings  imposed  limitations,  Tor  this  reason  optimal  conditions 
not  presently  obtainable  in  electronic  equipment  may  be  identified  which 
will  enable  better  direction  of  future  developments  in  this  area, 

B*  Detail s of  Construction 

1,  Characteristics  of  the  P-7  coating. 

a.  Spectral  Distribution^  Scopes  used  in  PPI  presentations  commonly 
have  coatings  which  afford  relatively  long  persistence.  These  coating  are 
of  the  cascade  type,  and  have  more  than  one  layer  of  phosphorescent  material. 
In  the  present  experiment  it  is  desired t o approximate  conditions  obtaining 
with  the  P-7  coating.  This  consists  of  a blue  fluorescing  layer  of  silver 
activated  zinc  sulfide  and  a long  persistence  copper- activated  zinc  sulfide- 
cadmium  sulfide  yellow~>emitting  phosphor  with  15  percent  cadmium  sulfide. 
Electrons  striking  the  first  layer  cause  it  to  fluoresce  very  briefly  and 
thiB  fluorescence  excites  the  persistent  phosphor  located  next  to  the 
glass.  The  initial  flash  has  a peak  at  about  440  mu,  while  the  peak  of 
yellow  persistence  is  at  about  560  mu. 

It  would  have  been  possible  to  place  a blue  filter  behind  the  narrow 
minimum  density  MtraceM  portion  of  the  transparency  described  below  in 
order  to  duplicate  the  initial  blue  flash,  but  this  was  not  done,  in  the 
present  experiment. 
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WAVELENGTH- T 

Figure  2i  Comparison  of  the  spectral  characteristic  of  the  P-7  phosphor  (9,  p.  646) 
with  the  spectral  distribution  of  the  simulated  presentation  as  measured  with  a 
Beckman  Spectrophotometer. 


CIRCULAR  DEGREES 

Figure  3 1 Comparison  of  the  decay  characteristic  of  the  P-7  phosphor  with  the 
simulated  decay  function.  The  plotted  points  represent  the  luminance  of  the  sim- 
ulated display}  the  smooth  curve  represents  an  equation  for  the  P-7  phosphor 
decay  function. 
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The  yellow  persistence  is  duplicated  in  the  following  manner.  A 
distribution  of  relative  spectral  power  of  the  radiance  from  the  yellow 
phosphor  was  multiplied  by  the  I.C.I.  luminosity  function.  To  permit 
comparison  with  filter  densities  the  resulting  distribution  was  replotted 
in  terms  of  the  logarithms  of  reciprocals  of  the  ordinate  points.  Several 
color  filters  and  filter  combinations  were  selected  having  maximum  trans- 
missions at  about  560  mu  and  their  spectral  distribution  characteristics 
were  also  multiplied  by  the  I.C.I.  luminosity  function.  In  addition,  they 
were  multiplied  by  the  relative  energy  emitted  in  the  visible  range  from 
a tungsten  lamp  at  a color  temperature  of  2800°K.  It  was  also  necessary 
to  correct  for  the  spectral  transmission  characteristics  of  the  reflector 
R (See  Figure  1)  and  the  polaroid  and  cellophane  combination.  Tho  resulting 
distributions  were  plotted  in  terms  of  density  versus  wavelength  on  the  stune 
graph  as  the  phosphor  distribution,  arbitrarily  positioning  points  of  minisrun 
density  with  respect  to  the  ordinate  scale  such  th.;1;  they  were  at  the  same 
ordinate  value  as  the  minimum  logarithmic  value  of  the  transformed  curve 
representing  the  phosphor.  The  Bpectral  characteristic  of  an  Eastman  E108 
Wratten  filter  is  reasonably  close  to  that  of  the  phosphor,  so  the  EL02 
(K  in  Figure  1)  was  selected  for  use  fn  the  experiment.  A comparative 
plot  of  relative  spectral  luminance  from  the  simulated  display  and  from 
the  P^?  phosphor  ic  presented  in  Figure  2. 

d.  Decay  Characteristic,  Data  published  by  Williams  and  Bartlett  (ll) 
on  the  decay  of  a P-7  screen  for  different  bias  voltages  seems  to  indicate 
that  the  decay  functions  are  roughly  parallel  up  to  at  least  six  second* 
of  decay  over  a fairly  wide  range  of  bias  voltages.  The  range  of  log  lumi- 
nance at  any  given  time  after  excitation  corresponding  to  this  range  of 
bias  voltages  is  more  than  1.5.  The  effective  limits  of  log  luminance  at 
any  instant  after  excitation  are  determined  by  threshold  of  the  eye  md 
saturation  of  the  phosphor.  The  maximum  range  is  probably  not  much  greater 
than  1.5. 

Data  for  nine  volts  bias  were  taken  as  representative  and  replotted 
in  terms  of  log  lxuainance  versus  circular  degrees  for  three  scanning  rates, 

60,  20,  and  10  HPM.  For  a given  scanning  rate  in  degrees  per  second,  each 
value  of  circular  degrees  on  the  abscissa  represents  a specific  time  after 
excitation.  A plot  of  phocphorooconco  level  in  oantibcls  for  the  P-7  phosphor 
versus  log  time  after  excitation  in  seconds,  published  in  Soller,  Starr,  and 
Valley  (9),  was  fitted  by  a straight  line,  the  equation  for  which  was  trans- 
formed into  another  equation  yielding  log  luminance  in  millilamberts  as 
a function  of  circular  degrees,  with  scanning  rate  as  a parameter.  Rp  & 
simple  transposition  on  the  ordinate  axis,  this  equation  provided  a very 
good  fit  to  the  data  of  Williams  and  Bartlett.  This  se  med  to  indicate 
that  as  a first  approximation,  the  assumption  was  justified  that  variation 
of  the  electrical  parameters  would  yield  parallel  decay  curves,  at  least 
over  the  ranges  investigated.  It  was,  therefore,  decided  to  duplicato  tho 
decay  function  of  the  P-7  screen  on  a photographic  film  transparency  similar' 
to  a circular  wedge,  since  one  such  wedge,  having  the  appropriate  gradient 
density  for  a given  scanning  rate,  could  be  used  over  a wide  range  of 
luminances.  ^ 
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A circular  piece  of  photographic  paper  was  exposed  using  a masking 
device  rotated  at  a constant  speed  about  the  center  of  the  paper  which 
gradually  uncovered  its  entire  surface.  Negatives  were  made  from  the 
paper,  and  transparencies  with  the  desired  gradient  obtained  from  these 
negatives  by  appropriately  controlling  exposure  duration,  strength  and 
temperature  of  developer#  and  time  of  development*  Density  gradients 
were  measured  using  an  Eastman  Densitometer* 

Since  the  range  of  density  which  can  be  obtained  on  photographic 
film  is  somewhat  less  than  that  necessary  to  duplicate  the  decay  function, 
the  required  density  gradient  was  matched  as  closely  as  possible  for  all 
but  the  initial  part.  Initial  energy  levels  could  then  be  matched  by 
increasing  the  duration  of  maximum  luminance  in  the  sinoflated  presentation 
within  critical  duration 0 A gradient  representative  in  form  of  conditions 
with  a 60  PPM  scanning  rate  for  all  but  the  first  three  or  four  degrees 
was  made  on  a photographic  transparency  by  the  method  outlined  above*  The 
empirical  equation  used  to  fit  decay  data  was  integrated  over  time, 
yielding  an  expression  for  total  energy  emitted  from  any  point  on  the 
scope  during  any  time  of  decay  as  a function  of  decay  time*  The  density 
range  of  the  gradient  which  had  been  made  is  equal  to  2.60*  Biis  represents 
the  difference  in  log  luminance  between  the  initial  flash,  and  the  luminance 
after  one  second  of  decay  which  this  particular  transparency  affords  with 
a 60  PPM  scanning  rate*  Desired  log  luminance  at  one  second  decay  was 
calculated,  and  added  to  2*60*  The  antilog  of  this  value  corresponds  to 
the  maximum  luminance  obtainable  initially  with  conditions  which  would 
provide  the  correct  luminance  at  the  point  representing  one  second  decay, 
Prom  the  integrated  expression  mentioned  above  and  the  maximum  obtainable 
luminance,  a time  value  was  calculated.  This  time  represents  the  time 
during  which  maximum  luminance  should  be  transmitted  by  the  transparency 
in  order  to  equate  energy  in  the  simulated  presentation  with  energy  as 
calculated  for  an  actual  presentation  for  the  same  time.  It  is  well  within 
critical  duration.  Converted  to  circular  degrees,  this  time  represents 
approximately  one  degree  on  the  gradient,  Accordingly,  the  portion  of  the 
transparency  from  which  the  emulsion  was  removed  was  made  one  degree  in 
width.  A comparative  plot  of  relative  luminance  from  the  prepared  gradient 
and  from  a P-7  phosphor  as  a function  of  circular  degrees  for  a 60  HFM 
scanning  rate  is  presented  in  Figure  3. 

2*  Target  presentation  and  light  adaptation. 

ac  3he  targets  appearing  on  intensity  modulated  PFI  scopes 
consist  of  short  arc  segments  brighter  than  the  background,  located  at 
distances  from  the  scop©  center  corresponding  to  the  ranges  of  objects 
which  they  represent.  Signals  reflected  from  an  object  serve  to  decrease 
negative  bins*  at  a point  in  the  time  cycle  such  that  excitation  on  the 
seopo  face  1b  increased  at  a poiftt  corresponding  to  the  actual  position 
of  the  object  in  range  and  bearing. 

The  target  presentation  in  the  present  experiment  consists  of  an  arc 
segwnt  or  “pip,*1  the  center  of  which  is  located  at  a bearing  of  260° 
clockwise  relative  to  the  top  of  the  circular  scope  face.  This  pattern 
ic  at  a distance  of  13  l/8  inches  from  the  exit  pupil.  The  pip  is  at  a 
distance  of  7/8  inch  from  the  center  of  the  4 3/4  inch  scope  face.  It  thus 
stimulates  the  retina  at  SOSO*  from  the  fovea  when  fixation  is  maintained 
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at  the  center  of  the  scope,  The  length  of  the  arc  on  the  ecope  Is  46°  28* 
and  subtends  a visual  angle  of  approximately  3°1(> *•  The  radial  thickness 
of  the  arc  line  is  1/32  inch,  or  8 minutes  at  the  retina. 


The  target  consists  of  a thin  piece  of  cellophane  approximately  ,001 
inch  thick,  cut  in  the  appropriate  shape  and  held  between  two  circular 
pieces  of  glass*  The  position  of  th©  target,  T,  relative  to  the  other 
elements  of  the  apparatus  is  Indicated  in  Figure  1,  Between  the  rotating 
annulus  containing  the  decay  wedge  V and  the  target  is  a polaroid  P also 
held  between  two  pieces  of  glass.  Light  coming  from  the  source  E passes 
through  th®  opal  glass  diffusing  screen  G-,  through  the  decay  wedge,  and 
through  the  polar iser  before  passing  through  the  glass  holding  the  cello- 
phane target,  The  effect  of  the  cellophane  is  to  rotate  the  plane  of 
polarisation  of  that  portion  of  the  light  which  passes  through  it.  In 
consequence,  an  observer  at  0 looking  through  the  second  polaroid  A seas 


the  target  at  a higher  luaiuciuCd  than  the  background,  the  moct  Ittm inane o 
difference  depending  on  the  relative  orientations  of  the  two  polaroida  and 
the  opt  leal  axis  of  the  cellophane.  The  background  luminance  is  set  by 
the  angular  separation  ©between  the  ax*s  of  th®  two  polarolds,  The  target 
luminance  is  set  by  the  angular  separation  oCof  th®  optical  axis  of  the 
cellophane  from  whichever  polaroid  axis  is  nearest.  In  the  present  experi- 
ment all  settings  wore  made  such  that  was  coasured  relative  to  the  axis 
of  P.  The  angular  rotation  of  the  plane  of  polarisation  of  light  passing 
through  the  cellophane  is  equal  to  2 flf  and  is  in  the  direction  of  the  axis 
of  A. 


To  the  eye  of  the  observer  at  0,  the  test  field  appears  as  a dark 
circular  pattern  with  a small  red  fixation  spot  at  the  center  which  is 
reflected  in  from  F*  The  target  appears  to  be  periodically  illuminated  as 
the  trace  line  rotates  pait  it.  The  trace  line  appears  as  a radial  line 
which  rotates  about  the  red  fixation  spot.  Under  conditions  of  low  back- 
ground luminance,  the  trace  line  may  not  b®  visible  to  the  observer.  Scanning 
rate,  or  rat®  of  rotation  of  the  trace  line,  was  held  constant  at  60  RPM  in 
the  present  experiment, 

b.  Light  adaptation  is  provided  by  a 150  watt  tungsten  lamp  1*  at 
a distance  of  6 3/4  inches  from  lens  L,  Lens  L has  a focal  length  of  4 1/4 
inches,  is  4 1/8  inches  in  diameter,  and  is  located  at  an  optical  distance 
of  11,5  inches  from  the  3 mn  exit  pupil  M,  That  portion  of  the  light  from 
L which  is  reflected  by  R is  therefore  converged  at  the  exit  pupil.  To  the 
eye  of  an  observer  at  M,  lens  L thus  appears  filled  with  light  and  provides 
a light  adaptation  field  Z0°ZQ%  in  diameter.  Fixation  during  light  adapta- 
tion is  provided  by  a black  dot  I*1  on  a piece  of  plain  glass  two  inches 
behind  lens  L,  Level  of  light  adaptation  may  be  varied  by  placing  ap- 
propriate filters  at  N, 

Onset  and  termination  of  exposure  of  the  light  adapting  field  and  of 
the  test  presentation  are  controlled  by  the  shutters  S1  and  S respectively. 

3.  Calibration  and  Eearoreissnt  • 

The  light  adaptation  field  was  calibrated,using  a binocular  matching 
technique.  An  observer  viewed  th©  light  adaptation  field  with  the  right 
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eye  and  the  field  of  the  matching  standard  with  the  left  eye.  Luminance 
of  the  light  adaptation  field  waB  adjusted  hy  the  experimenter,  who  mani- 
pulated a pair  of  polar oids  at  Na  The  method  of  limits  was  used*  The 
maximum  luminance  of  the  light  adaptation  field  with  the  150  watt  bulb 
operated  on  125  volts  d.o.  was  thus  determined  to  he  8500  millilamberts. 

In  the  present  experiment  a *44  density  filter  was  placed  at  N providing 
a light  adaptation  luminance  of  3K>0  millilamherte. 

Maximum  luminance  obtainable  on  the  simulated  scope  was  determined 
by  measurement  with  a Macbeth  Illtuninometer*  The  exit  pupil  was  removed, 
and  the  measurement  Bade  through  all  elements  of  the  system  except  the 
Circular  wedge.  Minimum  density  of  the  wedge  waB  measured  on  an  Eastman 
Leaeitooeter.  The  luminance  value  thus  determined  after  correcting  for 
wedge  density  is  43,6  millilamberts. 

The  cellophane  and  Polaroid  combination  was  calibrated  by  means  of 
luminance  measurement  abusing  a Macbeth  ilTuminometer.  The  two  polaroidB 
with  a piece  of  cellophane  between  them  were  mounted  over  a piece  of  opal 
glass  which  was  illuminated  by  a frosted  bulb*  A scale  enabled  accurate 
setting  of  the  angular  relations  of  the  axes  of  the  polar  oids  and  the  axis 
of  the  cellophane*  Measurements  were  made  for  seven  settings  of  the 
polaroida  from  zero  to  90  degrees  at  intervals  of  15  degrees.  For  each 
setting  of  the  polaroids,  measurements  were  made  with  the  cellophane  at 
five  degree  intervale  from  a position  where  its  axis  was  in  line  with  one 
of  the  polaroids  to  a position  where  its  axis  was  in  line  with  the  other 
Polaroid.  The  difference  between  the  density  through  the  cellophane  and 
the  minimi*  density  through  the  two  polaroids  with  their  axes  in  line  is 
accurately  described  by  the  expression  -2  log  cos  (a  -2«<)  for  all  values 
of  (9  -20()  less  than  75  degrees# 

PROGKDUOB 

Five  durations  of  light  adaptation  were  used  in  the  present  experiment, 
5»  15,  30,  60,  and  120  seconds,  all  at  a level  of  3100  millilamberts.  Four- 
teen different  combinations  of  target  and  baek^ound  luminance  which  were 
used  are  presented  in  Tables  1,  2,  3*  and  4. 

At  the  beginning  of  each  experimental  session,  subjects  were  dark 
adapted  for  a period  of  three  minutes*  Ten  seconds  before  the  end  of  the 
three  minute  period,  following  a signal  by  the  experimenter,  the  subject 
adjusted  to  a chin  rest  and  fixated  the  red  fixation  spot  with  tie  right 
eye.  Precisely  at  the  end  of  the  three  minute  period  the  experimenter 
pressed  a key  turning  on  the  adapting  light  and  opening  shutter  S1  by  means 
of  a solenoid*  Light  adaptation  duration  for  the  initial  determination  was 
always  120  seconds*  As  soon  as  the  light  adaptation  field  was  presented, 
the  subject  pressed  a key  in  the  dark  room  which  was  in  9eries  with  a 
second  solenoid  connected  to  shutter  S,  T^e  solenoid  circuit  was  not 
closed,  however,  until  the  experimenter  released  his  key  at  the  end  of  the 
light  adaptation  period*  With  the  release  of  the  experimenter  *s  key, 
shutter  S'  closed  and  the  adapting  light  turned  off#  At  the  same  time  the 
second  solenoid  opened  shutter  S,  exposing  the  scope  presentation  and 
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simltaneously  closing  a switch  which  started  a chronascop©.  The  subject 
maintained  fixation  on  the  red  fixation  spot  until  he  was  able  to  see  the 
target,  then  r eleased  his  key,  closing  shutter  S and  stopping  the  chronoa- 
cope. 

The  experiment Vir/ recorded  the  target  detection  tine  and  set  the  chrono- 
scope  back  to  zero*  The  next  presentation  of  the  adapting  light  followed 
detection  of  the  target  after  an  interval  of  90  seconds*  In  each  ex- 
perimental session,  25  detection  time  determinations  were  made*  .Five  differ- 
ent target  presentation  conditions  were  included  in  each  session,  and  de- 
tection times  for  each  of  the  five  light  adaptation  durations  were  deter- 
mined for  each  condition#  The  five  determinations  for  a given  condition 
were  made  in  sequence,  but  the  order  of  durations  of  light  adaptation  was 
varied  lor  different  conditions#  There  were*  fourteen  such  experimental 
sessions  for  each  subject. 

The  interval  between  individual  determinations  was  selected  on  the 
basis  of  preliminary  data  which  indicated  that  for  intervals  of  90  seconds 
or  more,  the  order  of  light  adaptation  durations  did  not  significantly 
affect  mean  detection  times  with  a given  condition  of  target  luminance© 

Lata  were  obtained  for  two  male  observers  both  of  whom  were  nearly 
amauropic  and  anastigmatic#  Jill  observations  made  using  the  right 

eye* 


KESULTS 

The  median  detection  times  for  the  different  experimental  condition* 
and  the  range  of  detection  times  for  each  condition  are  given  in  Tables  1, 
2,  3,  and  4,  Each  table  includes  all  the  data  for  a single  background 
luminance.  These  data  are  based  on  five  determinations  following  each  of 
five  durations  of  adaptation  to  the  standard  adapting  field  of  3100  milll- 
lamberts  for  each  condition  of  the  test  presentation#  The  effects  of 
light  adaptation  duration,  target  luminance,  background  luminance,  and 
contrast  between  target  and  background  on  detection  time  are  presented 
graphically  in  figures  4,  5e  6 and  7# 


Median  target  detection  time  as  a function  of  the  duration  of  light 
adaptation  is  shown  in  figure  4.  Separate  sets  of  curves  are  plotted 
for  each  observer.  A family  of  curves  with  target  luminance  as  the  para- 
meter is  presented  for  each  of  the  four  background  luminances  investigated# 
It  will  be  noted  that  the  range  of  target  luminances  investigated  is  de- 
creased as  the  level  of  background  luminance  approachos  the  maximum  lumi- 
nance obtainable  with  the  particular  light  source  being  used#  In  view  of 
the  variability  of  the  data,  no  attempt  was  made  to  fit  smooth  curves  to 
the  experimental  points* 


In  general,  detection  time  increases  with  increase  in  light  adapta- 
tion durations  It  ®ay  he  assumed  that  asymptotic  values  of  detect. inn 
time  would  be  reached  after  durations  of  light  adaptation  long  enough  to 
bring  the  eye  to  a Bteady  state  (5), 
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TABLE  1 


Median  and  rnngo  of  detection  time  in  seconds  after  light  adaptation  to 
3100  mill  ilasiber  fee  for  five  durations  and  for  five  levels  of  target  luminance, 
with  log  Background  luminance  at  -0.22  millilamberte,  Subjects  JB  and  HE* 


Log  Target  detection  time  for  log  background  luminance  * -G<,22  millilambertfi 

Itinw  Adaptation  time  - Seconds 

(ml) 

5 15  30  60  120 


JB 

HR 

JB 

HR 

JB 

HR 

JB 

HR 

JB 

HR 

1.64 

Median 

3.00 

2.30 

5.9S 

4.10 

15.  81 

6.32 

21.56 

22.59 

24.52 

34.49 

2.50 

1.96 

4.15 

3.96 

IO.2.3 

2.41 

19.99 

10.5? 

22.31 

31.42 

Rang© 

to 

to 

to 

to 

to 

to 

to 

t»0 

to 

to 

3.64 

3.71 

6.48 

8.54 

20.65 

11.02 

22.39 

34.38 

37.82 

39.0? 

1SM 

Moi  i *4V1 

3^66 

?,057 

6„13 

4.85 

22.93 

8.20 

26.2? 

19.59 

29.73 

35.22 

3.18 

1.6? 

5.82 

2.15 

16.88 

4.97 

25.25 

13.49 

27,79 

29.0? 

Mange 

to 

to 

to 

to 

to 

to 

to 

to 

to 

to 

4.15 

3.53 

6.63 

5.10 

25.03 

12.36 

36.09 

36.70 

32.49 

39.46 

1.04 

Median 

5.49 

3.82 

15.76 

11.95 

37.10 

25.05 

46.83 

30.32 

44.44 

56,73 

5.03 

2.60 

13.46 

6.31 

32.36 

13.13 

42.63 

19.04 

43.35 

44.6? 

Range 

to 

to 

to 

to 

to 

to 

to 

to 

to 

to 

5.69 

4.26 

19.2? 

13.40 

43.40 

32.00 

50.73 

44.90 

59.37 

58.94 

0.?1 

Median 

7.33 

6.4V 

45.55 

17.50 

71.71 

38.04 

88.08 

65.79 

91.81 

84.93 

5.83 

5.74 

30.72 

13.46 

65.55 

24,43 

79.15 

48.78 

86.3.6 

75.01 

Hang® 

to 

to 

to 

to 

to 

to 

to 

to 

to 

to 

10.07 

12.75 

56.80 

28.51 

102.3? 

42.50 

98.?6 

72.84 

102.56 

105.80 

0.14 

Median 

21.93 

27.30 

73.25 

44.06 

93.77 

73.34 

114.66 

105.65 

117.57 

139.83 

16.00 

18.79 

64.67 

23.72 

90.88 

30.30 

91.54 

88.70 

96.24 

133.15 

Bang© 

to 

to 

to 

to 

to 

to 

to 

to 

to 

to 

25.90 

52.72 

90.20 

62.65 

116.30 

127.98 

131.25 

148.55 

148,31 

179.03 
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TABLfc  2 


Median  and  range  of  detection,  time  in  seconds  after  light  adaptation  to 
3100  millilambertB  for  five  durations  and  for  four  levels  of  target  luminance, 
with  log  background  luminance  at  0*1^  millllamberte.  Subjects  JB  and  HR. 


Log  Target  detection  time  for  log  background  luminance  * 0.14  millilamberts 

Tgt. 

Lujti*  Adaptation  time  - Seconds 

(nil) 

5 15  30  60  120 


JB 

HR 

JB 

HR 

JB 

HR 

JB 

HR 

JB 

HR 

1.64 

>Sedian 

3»54 

2.65 

7.90 

3.73 

19.48 

5.70 

25.82 

15.63 

26  k 19 

33.76 

2.77 

2.55 

5.35 

3.42 

13.93 

4.42 

21.06 

13.59 

22.56 

25.89 

Range 

to 

to 

to 

to 

to 

to 

to 

to 

to 

to 

3.71 

3.24 

12.26 

6.92 

27.63 

5.80 

29.40 

19.15 

31.35 

37.66 

1.41 

Median 

3.89 

3.20 

7.60 

4.48 

24.55 

7.29 

31.36 

17.80 

32.82 

33.32 

2.76 

2.74 

5.52 

4.10 

17.41 

6.58 

21.63 

14.45 

27.39 

29.18 

Range 

to 

to 

to 

to 

to 

to 

to 

to 

to 

to 

5.14 

4.15 

8.51 

6.31 

25.62 

21.2? 

33.71 

39.42 

36.64 

54.20 

1.04 

Median 

5.92 

4,08 

16.52 

5.27 

31.43 

13.63 

47.38 

39.95 

48.47 

50.42 

4.76 

2.52 

11.61 

4.90 

25.09 

10.56 

43.83 

34.30 

46.17 

49.25 

Range 

to 

to 

to 

to 

to 

to 

to 

to 

to 

to 

7.24 

4.78 

23.87 

8.61 

43.56 

28.71 

50*60 

46.16 

56.14 

65.13 

0.71 

Median 

6.82 

7.13 

40.94 

22.35 

64.85 

47.73 

70.08 

76.1? 

83.28 

87.16 

7.36 

5.08 

28.31 

11.08 

50.64 

30.54 

55.49 

59.41 

65.63 

80.19 

Range 

to 

to 

to 

to 

to 

to 

to 

to 

to 

t<j 

n *?  c 

11.97 

42.30 

33.33 

72  #66 

61.08 

74.86 

89.41 

91.69 

116.02 

VADC  TR  52-259  12 


TABLE  3 


Median  and  rang®  of  detection  time  in  seconds  after  light  adaptation  to 
3100  aillilamberts  for  five  durations  and  for  three  levels  of  target  luminance, 
■with  log  background  luminance  at  0«71  millilanberts.  Subjects  JB  and  HR« 


X*og  Target  detection  time  for  log  background  luminance  * 0#71  millilaiabertft 

Tgt. 

frtuw  Adaptation  time  - Seconds 

{ml) 


JB 

1.64 

Median 

2.84 

1.85 

Bange 

to 

3.77 

1.41 

Median 

3.93 

2.93 

Bang# 

to 

5.38 

X«04> 

Median 

6.45 

5.45 

Bang® 

to 

10.53 

15 


HE 

JB 

HR 

2.45 

6.81 

3.89 

1.84 

6.46 

2.84 

to 

to 

to 

2.51 

7.31 

7.84 

2.49 

8.86 

4.81 

1.76 

8.35 

3.88 

to 

to 

to 

2.95 

11.56 

5.21 

6.35 

23.57 

15.B5 

6.00 

11.18 

13.78 

to 

to 

to 

13.13 

38.81 

23.64 

30 


JB 

HE 

JB 

14.86 

6.78 

22.07 

13.97 

4.61 

17.84 

to 

to 

to 

24.24 

9.38 

32,-55 

35.41 

10.32 

38.56 

15.S* 

7.35 

36.09 

to 

to 

to 

44.42 

12.73 

56,28 

46.02 

35.40 

63.56 

31.55 

24.99 

43.63 

to 

to 

to 

61.44 

50.14 

67.22 

120 


HE 

JB 

HR 

15.25 

28.95 

44.75 

11.85 

23.15 

22.52 

to 

to 

to 

33.54 

29.64 

49*74 

28.55 

45.84 

40.20 

18.0? 

35.35 

29.53 

to 

to 

to 

39.61 

67.21 

46.12 

63.1? 

69.96 

84.74 

41.65 

58.64 

82.65 

to 

to 

to 

74.73 

75*48 

98.97 
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TABLiS  4 


Median  and  range  of  detection  time  in  seconds  after  light  adaptation  to 
3100  millilamberts  for  five  durations  and  for  two  levels  of  target  luminance, 
with  log  background  luminance  at  1*26  millilamberts.  Subjects  JB  and  HR. 


Log 

Target  detection 

time  for  log  background  luminance  « 1,26  aillilamberts 

Tgt. 

Lorn, 

Adaptation  time  - Seconds 

(ml) 

5 

15 

30 

60 

120 

JB 

HR. 

JB 

HR 

JB 

HR 

JB 

HR 

JB 

HR 

1.64 

Median 

4.34 

4.19 

9.09 

8.09 

23.15 

12.01 

34.13 

44.82 

39.52 

55.80 

2.39 

2.76 

7.62 

6.54 

20.22 

7.57 

29.82 

20.48 

38.53 

48.53 

Hang* 

to 

to 

to 

to 

to 

to 

to 

to 

to 

to 

4.49 

7.24 

10.42 

20.86 

31.90 

19.43 

37.12 

60.83 

40,92 

57.45 

1.41 

Median 

13.05 

19.99 

41.64 

51.27 

69.10 

57.82 

86.02 

62.08 

88,97 

93.59 

12.69 

13.41 

40.66 

32.14 

56.97 

27.01 

78.06 

57.25 

83.22 

84.04 

E&nge 

to 

to 

to 

to 

to 

to 

to 

to 

to 

to 

15.25 

44.87 

60.66 

56.85 

88.48 

74.24 

106.52 

92.07 

117.60 

138.31 
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DURATION  OF  LIGHT  ADAPTATION  - SECONDS 

Figure  4:  Target  detection  times  for  different  target  and  "background  luminance*  as  a function  of  duration  of 

adaptation  to  a luminance  of  3X00  mi XI Humberts,  The  number  at  the  top  of  each  set  of  curves  refers  to  - og 
background  luminance.  The  number  at  the  last  datum  point  of  each  curve  refers  to  log  target  luminance.  Data 
for  subjects  JB  and  HR, 


The  effect  of  increasing  target  luminance  at  a given  background  lumi- 
nance is  to  decrease  detection  time  (Figure  5)*  The  actual  change  in 
detection  time  resulting  after  a change  from  one  specific  value  of  target 
luminance  to  another  depends  on  tho  lovol  of  background  luminance  and  the 
coalitions  of  prior  light  adaptation.  The  effectiveness  of  a given  amount 
of  increase  in  target  luminance  for  decreasing  detection  time  diminishes 
with  increase  in  the  differential  between  initial  target  and  background 
luminance  . 

Increasing  target  luminance  also  results  in  a change  in  the  fora  of 
the  relation  between  light  adaptation  duration  and  detection  time  (Figure  ^f). 
Ourves  for  the  higher  target  luminances  are  sigmoid,  showing  initial  posi- 
tive^ accelerated  branches.  Curves  for  lower  target  luminances  arc  simple 
negatively  accelerated  increasing  functions  of  light  adaptation  duration. 
Positively  accelerated  branches  result  when  the  target  luminance  iB  in- 
creased to  such  a degree  that  detection  time  approaches  a limiting  mini™ 
mum  value  for  short  durations  of  light  adaptation.  As  detection  time 
approaches  a minimum  value  it  ceases  to  afford  a criterion  of  differences 
in  target  luminance  and  is  less  sensitive  to  differences  in  light  adapta- 
tion. 


In  comparing  the  results  obtained  for  observers  JB  and  KRf  it  appears 
that  light  adaptation  is  more  rapid  for  JB.  At  each  of  the  four  back- 
ground luminances,  detection  times  for  JB  increase  relatively  very  little 
between  60  and  120  seconds  of  light  adaptation,  while  for  HR  there  is  in 
most  cases  a considerable  increase  in  detection  time  between  60  and  120 
seconds  of  light  adaptation.  From  the  results  of  JB,  it  would  appear 
that  the  duration  of  light  adaptation  at  which  a maximum  detection  time 
is  reached  is  independent1  of  target  luminance*  The  functions  relating 
detection  time  to  light  adaptation  duration  jb  are  more  regular  than 
those  for  HR,  This  latter  difference  may  be  attributed,  at  leaet  in  part, 
to  the  fact  that  JB  is  more  experienced  as  an  observer  than  HR* 

The  effect  of  increasing  background  luminance  on  detection  time  may  be 
determined  by  comparing  the  curves  obtained  at  different  background  lumi- 
nances for  a given  target  luminance.  To  facilitate  such  a comparison, 
th©  data  of  Figure  4 have  been  replotted  in  Figure  6.  In  this  figure, 
detection  time  is  expressed  as  a function  of  background  luminance, with 
duration  of  light  adaptation  as  a parameter.  Separate  graphs  are  presented 
for  the  two  observers,  and  at  each  of  four  values  of  target  luminance. 

From  Figure  6 it  appears  that  in  most  cases  detection  time  increases  at 
an  increasing  rate  with  an  increase  in  background  luminance.  Presumably, 
as  background  luminance  approaches  the  value  of  target  luminance,  detection 
time  approaches  infinity.  It  may  be  inferred  from  Figure  6 that  the  shorter 
the  duration  of  light  adaptation,  the  smaller  is  the  allowable  ratio  be- 
tween target  and  background  luminance  before  any  extremely  rapid  increase 
in  detection  time  occurs.  The  relation  between  rate  of  increase  in  de- 
tection time  and  target  to  background  luminance  ratio  also  appears  to  de- 
pend upon  the  absolute  value  of  target  luminance.  It  is  not  possible  to 
make  any  estimate  of  the  nature  of  this  dependence  from  the  present  data, 
however. 
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Jigor*  5s  Target  detection  times  for  different  ‘background  luminances  and  different  light  adaptation  durations 
as  a function  of  target  luminance*  ^he  number  at  the  last  datum  point  of  each  curve  refers  to  the  duration 
of  light  adaptation  in  seconds.  Data  for  subjects  JB  and  HB* 
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One  other  characteristic  of  the  data  in  Figure  6 deserves  mention. 

There  is  a suggestion  in  results  for  JB  at  a target  luminance  of  log  0,71 
mlllilamberbs  and  for  HR  at  a target  luminance  of  log  1.04  millilamberts 
that  wi thin  a limited  rango,  under  certain  conditions,  an  increase  in 
background  luminance  (i,e*t  a decrease  in  target  to  background  luminance 
ratio)  may  result  in  decreased  detection  time.  Although  the  present  ex- 
periment does  not  afford  any  definite  conclusions  on  this  point,  it  does 
indicate  the  need  for  a careful  investigation  of  the  possibility. 

Detection  time  as  a function  of  contrast  is  presented  graphically  in 
Figure  7.  Contrast,  Al/X,  is  defined  as  the  ratio  of  the  difference  bet- 
ween target  and  background  luminance  to  background  luminance.  The  plotted 
points  were  calculated  from  data  of  J£  obtained  after  120  seconds  of  light 
adaptation.  This  duration  was  selecWd  &b  one  which  would  provide  tho 
least  variable  condition  of  adaptation.  Separate  curves  have  been  drawn 
through  the  data  for  each  of  the  four  background  luminances,  .As  the  con- 
trast ratio  is  increased  for  any  level  of  background  luminance,  detection 
time  decreases  at  a decreasing  rate.  It  is  probable  that  detection  time 
would  ultimately  reach  the  same  minimum  value  for  all  four  of  the  curves 
if  higher  contrast  ratios  were  obtained  for  the  higher  values  of  background 
luminance. 

Dashed  curves  have  been  drawn  through  data  representing  equal  target 
luminances  in  Figure  7.  As  contrast  ratio  is  increased  for  the  three  highest 
levels  of  target  luminance,  detection  time  decreases  at  a decreasing  rate. 

It  appears  that  minimum  detection  time  is  determined  by  level  of  target 
luminance.  For  lowered  target  Itminance^,  minimum  detection  time  is  raised 
and  no  amount  of  decrease  in  background  luminance  can  reduce  it  further. 

The  increase  in  detection  time  with  increased  contrast  at  a target 
luminance  of  0*71  log  millilamberts  is  a reflection  of  the  decrease  in 
detection  time  with  increased  background  luminance  at  this  target  luminance 
noted  in  the  results  of  JB  in  Figure  6,  Its  significance  is  questionable* 

It  is  obvious  from  Figure  7 that  predictions  about  detection  time 
cannot  be  made  from  values  of  contrast  alone  without  further  specification 
of  luminance  values. 


DISCUSSION 

The  results  of  the  present  experiment  indicate  the  nature  of  the 
relations  of  background  luminance,  target  luminance,  and  duration  of 
adaptation  to  a high  luminance,  to  the  time  required  to  detect  a target 
on  a PPI  scope.  We  may  consider  background  luminance  to  bear  a relation 
to  bias  voltage,  and  target  luminance  to  bear  a relation  to  signal  strength 
for  any  given  value  of  bias  voltage.  Neither  of  these  relations  is  linear, 
however 3 and  target  luminance  varies  with  both  signal  strength  and  bias 
voltage  in  electronic  apparatus.  The  reader  is  therefore  cautioned  not 
to  attempt  comparison  between  the  curves  presented  in  this  report  and  those 
appearing  elsewhere  which  are  plotted  in  terms  of  electrical  parameters, 
without  first  recognizing  the  complex  nature  of  the  relation  between  electri- 
cal and  photometric  units. 
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When  a radar  operator  has  been  exposed  to  high  luminances  and  then 
looke,  at  hie  scope,  a period  of  time  must  elapse  before  he  can  respond  to 
the  presence  of  a target  on  the  scope.  When  the  adapting  luminance  is 
considerably  higher  than  seeps  luminances,  this  period  of  time  (target 
detection  time)  is  found  to  increase  with  increased  duration  of  exposure 
to  the  adapting  luminance.  Increase  in  detection  time  continues  up  to  an 
adaptation  duration  which  brings  the  eye  to  a steady  state  of  adaptation. 

In  the 'present  experiment,  this  limiting  adaptation  duration  differed  for 
the  two  observers,  JB  had  nearly  reached  steady  state  adaptation  after  one 
siBut* , while  HH  had  not  reached  a steady  state  after  two  minutes  of  adapta- 
tion. Ihis  result  is  contradictory  to  that  reported  by  Hanes  and  Williams  (4) 
who  found  the  same  duration  of  adaptation  required  for  a steady  state  by  all 
their  observers. 

In  general,  minimum  detection  times  are  obtained  for  any  given  duration 
of  light  adaptation  with  ma-Hnaim  target  luminance  and  minimum  background 
luminance.  In  terms  of  the  electrical  parameters,  this  means  that  minimum 
detection  time  will  probably  be  achieved  with  maximum  gain  and  a negative 
bias  voltage  that  will  provide  the  darkest  possible  background  without 
appreciable  loss  in  target  luminance.  Nothing  more  specific  can  be  said 
without  knowing  the  exact  nature  of  the  dependence  of  target  luminance  on 
bias  voltage  for  a given  signal  strength  and  a given  amount  of  gain.  The 
po suited Sy  that  under  certain  conditions  an  optimum  value  of  background 
luminance  may  exist,  both  above  which  and  below  which  detection  time  is  in- 
creased, requires  further  investigation. 

lor  practical  application  to  radar  scope  viewing  it  is  relevant  to 
evaluate  the  results  of  the  present  experiment  in  terms  of  specific,  selected 
values  of  target  detection  time.  For  example,  in  order  not  to  exceed  a 
detection  time  of  20  seconds  after  adaptation  to  a luminance  of  3100  milli- 
laaberts,  it  is  necessary  that  target  luminance  be  above  a certain  minimum 
value  for  any  given  light  adaptation  duration.  Consider  the  data  of  JB 
at  a background  luminance  of  -0,23  log  mlUllsmberts  in  Figure  4.  After 
only  a few  seconds  of  light  adaptation,  target  luminance  may  be  as  low  as 
0.14  log  millilamberts.  After  about  26  seconds  of  light  adaptation,  target 
luminance  must  be  increased  to  nearly  1.41  log  millilamberts  in  order  for 
the  target  to  be  detected  within  20  seconds  after  the  termination  of  ligit 
adaptation.  After  about  50  seconds  of  light  adaptation,  a target  luminance 
higier  1.64  log  millilamberts  is  required  for  detection  within  20 

seconds. 

similar  analyses  can  be  made  in  terms  of  changes  in  background,  lumi- 
nance necessary  to  compensate  for  changes  in  adaptation  duration  from  the 
data  of  Figure  6.  It  is  apparent  that  increased  duration  of  light  adapta- 
tion can  only  be  compensated  for  by  reducing  background  luminance  when  a 
detection  time  of  relatively  long  duration  is  selected  as  the  criterion. 

Sven  at  the  highest  target  luminance  employed,  for  example,  detection  time 
oan  never  be  reduced  below  about  25  to  35  seoonds  by  decrease  in  background 
luminance  after  120  seconds  of  light  adaptation. 

The  relation  between  target  luminance  and  background  luminance  for  a 
given  visual  effect,  e.g. , a detection  time  of  ten  seconds  following^ 
specific  condition  of  light  adaptation,  could  be  determined  from  the  data 
of  the  present  experiment  by  graphical  interpolation.  The  variability  of 
the  results  is  such  that  this  sort  of  analysis  is  probably  not  warranted. 
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However,*  it  appears  that  in  the  range  of  luminances  investigated,  a given 
increase  in  log  target  luminaneo  is  offset  by  an  increase  in  log  background 
luminance  approximately  four  times  as  great.  Practically,  this  means  that 
the  effect  of  a given  change  in  target  luminance  on  visibility  is  much 
greater  than  a comparable  change  in  background  luminance* 

It  is  not  uncommon  to  find  the  results  of  discrimination  experiments 
presented  in  terms  of  contrast,  where  contrast  is  defined  as  the  ratio 
of  a luminance  increment  or  difference  to  the  adapting  or  background  lumi- 
nance* This  practice  may  be  traced  to  experiments  which  were  designed  to 
test  the  constancy  of  the  Yfeber  fraction.  For  the  description  of  a stimulus 
presentation,  however,  the  specification  of  contrast  alone  is  inadequate o 
Either  target  or  background  luminance  must  be  specified  in  addition  to 
contrast  for  a complete  description.  If  contrast  values  had  any  generality 
of  meaning  independent  of  the  specific  luminance  values  for  which  they  were 
calculated,  all  of  the  curves  of  Figure  7 would  be  superimposed.  This  would 
be  the  case  only  if  target  luminance  and  background  luminance  were  directly 
proportional  for  a given  visual  effect* 

SUMMARY 

1.  Time  required  for  the  detection  of  a target  "pip"  on  a Simulated 
PPI  scope  presentation  was  determined  after  five  durations  of  adaptation 
to  a luminance  of  3100  millilamberts.  Various  levels  of  maximum  target 
luminance  was  employed  at  each  of  four  values  of  maximum  background  lumi- 
nance, 

2.  Target  detection  time  increases  with  increase  in  the  duration  of 
light  adaptation  up  to  a maximum  value  which  depends  on  the  target  and 
background  liuninance  levels.  The  maximum  value  is  reached  after  approxi- 
mately the  same  light  adaptation  duration  for  all  values  of  target  and 
background  luminance. 

3*  For  a given  background  luminance  and  constant  duration  of  light 
adaptation,  an  increase  in  target  luminance  results  in  a decrease  in 
detection  time  down  to  a limiting  minimum  value. 

4*  For  a given  target  luminance  and. light  adaptation  duration,  an 
increase  in  background  luminance  results  in  an  initial  gradual  increase 
in  detection  time,  followed  by  a rapid  increase  in  detection  time  as  the 
value  of  background  luminance  nears,  that  of  target  luminance. 

5*  Detection  time  may  be  expressed  as  a function  of  contrast  bet- 
ween target  and  background  for  selected  constant  values  of  target  or  back- 
ground luminance.  The  exact  form  of  this  relation  depends  on  the  value  of 
target  or  background  luminance  for  which  the  relation  is  determined. 

6.  Relations  among  target  luminance,  background  luminance,  and  light 
adaptation  duration  for  constant  detection  time  are  discussed  briefly. 
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